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Key Points

• PD-L1 is variably
expressed in MCs from
patients with SM and
CM.

• PD-1 is expressed in
MCs in a subset of pa-
tients with CM, but not
SM.

Mastocytosis is a rare disease with heterogeneous clinical manifestations and few effective

therapies. Programmed death-1 (PD-1) and its ligands (PD-L1 and PD-L2) protect tissues from

immune-mediated damage and permit tumors to evade immune destruction. Therapeutic

antibodies against PD-1 and PD-L1 are effective in the treatment of a variety of neoplasms. In

the present study,we sought to systematically analyze expression of PD-1 andPD-L1 in a large

number of patients with mastocytosis using immunohistochemistry and multiplex fluores-

cence staining. PD-L1 showed membrane staining of neoplastic mast cells (MCs) in 77% of

systemic mastocytosis (SM) cases including 3 of 3 patients with MC leukemia, 2 of 2 with

aggressive SM, 1 of 2with smoldering SM, 3 of 4with indolent SM, and 9 of 12with SMwith an

associated hematologic neoplasm (SM component only). Ninety-two percent (23 of 25) of

cutaneous mastocytosis (CM) cases and 1 of 2 with myelomastocytic leukemia expressed

PD-L1, with no expression found in 15 healthy/reactive marrows, 18 myelodysplastic

syndromes (MDSs), 16myeloproliferativeneoplasms (MPNs), 5MDS/MPNs, and3monoclonal

MC activation syndromes. Variable PD-L1 expression was observed between and within

samples, with PD-L1 staining of MCs ranging from 10% to 100% (mean, 50%). PD-1 dimly

stained 4 of 27 CM cases (15%), with no expression in SM or other neoplasms tested; PD-1

staining of MCs ranged from 20% to 50% (mean, 27%). These results provide support for the

expressionof PD-L1 in SMandCM,andPD-1 expression inCM.Thesedata support the exploration

of agents with anti-PD-L1 activity in patients with advancedmastocytosis.

Introduction

Mastocytosis is a rare disease with heterogenous clinical manifestations ranging from cutaneous
mastocytosis (CM) in pediatric patients, characterized by an indolent course and regression at puberty in
a subset of cases, to advanced systemic mastocytosis (SM) in adults with poor prognosis.1,2 Advanced
SM includes mast cell (MC) leukemia (MCL), aggressive SM (ASM) and SM with an associated
hematological neoplasm (SM-AHN). These various categories of mastocytosis have in common
activating mutations of KIT, in particular D816V, which results in constitutive KIT receptor tyrosine kinase
signaling.3 Despite an understanding of the main genetic driver of mastocytosis, few effective therapies
are currently available.4

Programmed death 1 (PD-1) and its ligands (PD-L1 and PD-L2) are known to protect tissues from
immune-mediated damage, but dysregulation of this epitope pair can also allow tumors to evade immune
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cell–mediated targeting and subsequent destruction.5 Novel
antibodies against PD-1 and PD-L1 have been shown to be
effective in a variety of solid tumors.6 Recently, levels of soluble
PD-L1 in the serum of adult mastocytosis patients were shown to
correlate with disease status.7 Higher levels of serum PD-L1 have
been described in patients with advanced SM compared with
indolent SM (ISM). Furthermore, SM and CM patient samples can
exhibit PD-1 and PD-L1 protein expression.7

Here, we examined the expression of PD-1 and PD-L1 in different
tissues of a large number of SM and CM cases, including advanced
SM, as well as reactive bone marrows (BMs), BMs involved by
myeloproliferative neoplasms (MPNs), myelodysplastic syndrome
(MDS), and MDS/MPN, and healthy skin controls. We further
sought to confirm MC coexpression of tryptase and PD-L1 and to
examine potential variability within samples using flow cytometry
and multiplex immunohistofluorescence (IHF) staining.

Materials and methods

Tissue samples

After institutional review board approval, we evaluated 122 paraffin-
embedded tissues (BM, skin, spleen, lymph node) from patients
with CM, SM, healthy/reactive BM, MDS, MPN, MDS/MPN,
myelomastocytic leukemia (MML), and monoclonal MC activation
syndrome (MMAS). Samples were taken at diagnosis for all patients;
healthy/reactive BMs were typically negative staging marrows for
patients with lymphoma. Skin, spleen, and lymph nodes were fixed in
10% neutral-buffered formalin. BM included formalin-fixed/EDTA-
decalcified specimens and acetic zinc formalin–fixed/rapid decalcified
specimens. Both tissue microarrays and whole section slides were
used for immunohistochemistry (IHC). All cases were diagnosed
according to the revised criteria of the 2016World Health Organization
(WHO) classification and published criteria for MML.8,9 Placenta and
tonsil were used as positive labeling controls for PD-L1 and PD-1,
respectively. Spleen from 1 patient with MCL and 2 patients with CM
were used for multiplex IHF, in addition to appropriate control tissue
(healthy skin and spleen). BM aspirate samples for flow cytometry were
obtained from the iliac crest of 3 patients with ISM, 1 with ASM, and 2
with MCL. Cells were collected during routine diagnostic investigations.
All patients provided written informed consent.

IHC

We evaluated protein expression of PD-1 (MRQ-22; Cell Marque,
Rocklin, CA) and PD-L1 (E1L3N; Cell Signaling Technology,

Danvers, MA). IHC was performed with BenchMark Ultra (Ventana
Medical Systems, Tucson, AZ) using automated antigen retrieval
(CC1 enzyme digestion). Slides were scored by the authors (M.B.G.,
T.I.G.) on a 0 to 3 scale for staining intensity (05 no staining; 15 no
tissue; 2 5 dim; 3 5 strong) and an overall percentage of cells
staining positive was recorded.

Flow cytometric evaluation of expression of PD-1 and

PD-L1 on MCs

BM mononuclear cells were isolated using Ficoll (Biochrom, Berlin,
Germany). BM mononuclear cells were treated with Fc-blocking
reagent (Miltenyi Biotec, Bergisch Gladbach, Germany) and stained
with the following fluorochrome-labeled monoclonal antibodies
(Table 1): CD117-phycoerythrin (PE)/Cy7 (eBioscience), CD34–
Pacific Blue, CD45-allophycocyanin/Cy7, CD274-PE, CD279-PE,
and mouse immunoglobulin G1 (IgG1)–PE (BioLegend). MCs were
defined as CD451/CD342/CD117hi cells. Expression of PD-1
(CD279) and PD-L1 (CD274) on MCs was analyzed by multicolor
flow cytometry on a FACSCanto II flow cytometer (BD Biosci-
ences). The human MCL-like cell lines HMC-1.1 and HMC-1.2 were
kindly provided by Joseph H. Butterfield (Mayo Clinic, Rochester,
MN). HMC-1 cells were treated with Fc-blocking reagent and then
stained with monoclonal antibodies against CD274 (CD274-PE),
CD279 (CD279-PE), and mouse IgG1-PE, and analyzed on a
FACSCalibur (BD Biosciences).

Multicolor IHF

Paraffin-embedded tissue samples were first deparaffinized fol-
lowed by antigen retrieval using citrate buffer pH 6 in a Biocare
Medical DC2002 (Concord, CA) decloaking chamber, which
cycled from room temperature up to 120°C for 5 minutes. Tissue
was incubated with anti-PD-L1 primary antibody SP142 (1:100;
Spring Bioscience, Pleasanton, CA) for 2 hours at room
temperature, followed by Alexa Fluor 488–conjugated secondary
antibodies (1:200, A11070; Thermo Fisher Scientific) for 2 hours at
room temperature. The anti-tryptase antibody (sc59587X; Santa
Cruz Biotechnology, Santa Cruz, CA) was directly conjugated to
Alexa Fluor 647 (AF647) by reaction of Alexa Fluor 647–N-
hydroxysuccinimide ester and carrier-free antibody at a 10:1 molar
ratio in phosphate-buffered saline plus sodium carbonate buffer, pH
8.0. Free dye was removed by passing the mixture through a size-
exclusion column (PD MiniTrap G-25). Absorbance measurements
indicated a final dye-to-protein ratio of 0.92. Anti-tryptase–AF647
and anti-PD-L1 primary antibodies were incubated with the tissue
simultaneously. Nuclei were stained with 49,6-diamidino-2-phenylindole,
dihydrochloride (DAPI; 100 ng/mL, Sigma, St. Louis, MO) for 5 minutes
before final mounting of the tissue with Prolong Gold Antifade Mount
(P36930; Thermo Fisher Scientific, Waltham, MA).

Wide-field images were acquired using an epifluorescence
microscope (Zeiss AxioPlan2 or Nikon TE2000) equipped with a
Nuance Multi-Spectral camera (PerkinElmer, Cambridge, MA) and
software (version 3.0.2; PerkinElmer) that allows for spectral
unmixing of multicolor images and separation of background
autofluorescence. Nikon filters used included DAPI (excitation BP,
330-380 nm; emission LP, 420 nm), Alexa Fluor 488 (fluorescein
isothiocyanate) (excitation BP, 465 m to 495 nm; emission LP, 515 nm),
and Alexa Fluor 647 (excitation BP, 620/60 nm; emission BA,
700/75 nm); 203 and 603 objectives were used resulting in
0.5 mm per pixel or 0.1654 mm per pixel, respectively. AxioPlan2

Table 1. Characterization of antibodies

Antigen CD Clone Conjugate Supplier

HPCA1 CD34 581 Pacific Blue BioLegend

PTPRC CD45 HI30 APC/Cy7 BioLegend

KIT CD117 104D2 PE/Cy eBioscience

PD-L1 CD274 29E.2A3 PE BioLegend

PD-1 CD279 EH12.2H7 PE BioLegend

IgG1 isotype control n.c. — PE BD Biosciences

—, no clone available; APC, allophycocyanin; Cy7, cyanine 7; HPCA1, human precursor
cell antigen 1; Ig, immunoglobulin; n.c., not yet clustered; PE, phycoerythrin; PTPRC,
protein tyrosine phosphatase, receptor type C.
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filters from Zeiss and Semrock included DAPI (excitation BP, 365/
25 nm; emission LP, 420 nm), Alexa Fluor 488 (excitation BP, 485/
20 nm; emission LP, 515 nm), and Alexa Fluor 647 (excitation
BP, 628/32 nm; emission LP, 665 nm); 203 and 633 objectives
were used resulting in 0.5 mm per pixel or 0.157 mm per pixel,
respectively.

Confocal images were acquired using a Leica SP8 laser-scanning
confocal microscope with a 633 1.4 numerical aperture oil
objective, resulting in 0.18 mm per pixel. Spectral images were
collected using spectral scan mode (xylz). Excitation was with
405-nm, 488-nm, and 633-nm laser lines. Emission was collected
from 430 nm to 700 nm using a 20-nm band in 10-nm increments.
Control spectra for unmixing were acquired from single-labeled
control slides. Linear unmixing was performed using LAS X linear
software (Leica). Seven regions of interest were tiled together to
form a large, high-resolution field of view as seen in Figure 6. All
fluorescence images are brightness and contrast enhanced.

Statistics

Statistical analysis was performed using SAS version 9.4 (SAS
Institute Inc, Cary, NC). The Kruskal-Wallis test (if numerical
covariate) or Pearson x2 (if categorical covariate) was used to

Table 3. Summary of expression of PD-1 and PD-L1 in mastocytosis

subtypes, other myeloid neoplasms, and reactive/healthy BMs

using IHC

Diagnosis PD-L1 expression (%)* PD-1 expression (%)†

SM‡ 17/22 (77) 0/25 (0)

MCL‡ 3/3 (100) 0/4 (0)

ASM 2/2 (100) 0/2 (0)

SM-AHN‡§ 9/12 (75) 0/14 (0)

SSM 1/2 (50) 0/2 (0)

ISM 3/4 (75) 0/4 (0)

CM 23/25 (92) 4/27 (15)

MPCM 15/17 (88) 2/18 (11)

Mastocytoma 3/3 (100) 2/3 (67)

MIS 5/5 (100) 0/6 (0)

MML 1/2 (50) 0/2 (0)

MMAS§ 0/3 (0) 0/3 (0)

MPN§ 0/16 (0) 0/17 (0)

MDS§ 0/18 (0) 0/18 (0)

MDS/MPN§ 0/5 (0) 0/5 (0)

Healthy and reactive BM§ 0/15 (0) 0/21 (0)

MDS/MPNs are all chronic myelomonocytic leukemia. MPNs included primary myelofibro-
sis (3), polycythemia vera (4), essential thrombocythemia (3), chronic myeloid leukemia (4),
and chronic eosinophilic leukemia not otherwise specified (3). MDSs included 5q2
syndrome (4), MDS with excess blasts (3), MDS with single-lineage dysplasia (i.e.,
refractory anemia) (1), MDS with multilineage dysplasia (5), MDS with single-lineage
dysplasia and ring sideroblasts (4), and MDS not otherwise specified (1). MIS refers to skin
lesions of mastocytosis in patients with SM or MCL.
*PD-L1 positivity correlated with expression in SM (P 5 .0002) and CM (P 5 .0147), but

did not correlate with subtype of SM or CM (P 5 not significant).
†PD-1 positivity correlated with expression in CM (P 5 .0156) and subtype of CM

(P 5 .0336).
‡MCL and SM-AHN both include a single patient with MCL-MDS/MPN-U (patient 4 from

Table 2). This patient is only included once in the overall total of SM patients.
§Immunohistochemical expression of PD-L1 and PD-1 refers to expression in MCs.

Mast Cell Leukemia, Bone Marrow (BM)

PD-L1 PD-1

PD-L1 PD-1

PD-L1 PD-1

PD-L1 PD-1

PD-L1 (SM) PD-L1 (MDS/MPN)

Smoldering Systemic Mastocytosis (BM)

SM-AHN (BM)

Indolent Systemic Mastocytosis (BM)

Cutaneous Mastocytosis (Skin)

A B

D

F

H

J

C

E

G

I

Figure 1. Immunohistochemical staining of PD-L1 and PD-1 in mastocyto-

sis. Immunohistochemical expression of PD-L1 is shown at left for (A) MCL,

(C) smoldering SM, (E) ISM, (G) SM-AHN (MDS/MPN), and (I) CM. At right,

immunohistochemical staining for PD-1 is shown for (B) MCL, (D) smoldering SM,

(F) ISM, and (J) CM. (G-H) In SM-AHN (MDS/MPN), the PD-L1 expression is

restricted to the MC component as shown in panel G, but it is not present in the

associated hematologic neoplasm as shown in panel H. Magnification 340 in panels

A-D,I-J and 320 in panel E-H. Images taken with an Olympus BX41 microscope with

Olympus cellSens standard version 1.14 software, and standard color balancing and

image sizing using Adobe Photoshop.
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evaluate the univariate association between each covariate
and PD-1/PD-L1 expression. P ,.05 was considered statistically
significant.

Results

IHC analysis reveals increased PD-L1 in mastocytosis

To define the distribution of PD-L1 and PD-1 in neoplastic cells in
mastocytosis and other myeloid neoplasms (of AHN type), we
performed IHC on tissues from a range of mastocytosis subtypes
(Table 2) and compared this with expression in a variety of
neoplastic and nonneoplastic BM conditions (Table 3). We found
that PD-L1–expressing cells are increased in number in SM and CM
(Figure 1), whereas no increase was observed in other myeloid
neoplasms tested, including MPNs, MDSs, and MDS/MPNs (typical
AHN-type disorders). An increase in PD-11 and/or PD-L11 cells
was also not seen in MMAS or in healthy and reactive BMs (Table 3;
Figure 2). In the advanced SM cases examined, we found
expression of PD-L1 in all patients with MCL and ASM, and in
75% of patients with SM-AHN. In each case, checkpoint antigen
expression was confirmed to be confined to the SM component
only by comparison with tryptase, CD117, and CD25 IHC.
Expression, when present, appeared to be restricted to MCs and
was not identified in lymphocytes or other cell types. Expression of
PD-L1 was also seen in the MCs of a single case of MML. With
respect to smoldering SM and ISM, PD-L1 expression was found in
neoplastic cells in 1 of 2 patients (50%) and 3 of 4 patients (75%),
respectively. Irrespective of the subtype of SM, there appears to be
a correlation between the intensity of staining with PD-L1 and the
percentage of PD-L1 MCs (supplemental Figure 1). Additionally, we
found PD-L1 expression in the majority of CM cases (23 of 25,
92%), which included all mastocytomas and all “mastocytosis in
skin” (MIS) lesions from patients with systemic disease, with a high
percentage of maculopapular CM (MPCM) also being positive
(15 of 17, 88%). PD-L1 staining of MCs in individual cases was
membranous and ranged from 10% to 100% (mean, 50%) with

57% of cases showing dim and 43% of cases showing strong
staining intensity.

Neoplastic MCs display cell-surface PD-L1 by

flow cytometry

As assessed by multicolor flow cytometry, primary MCs obtained
from patients with ISM or advanced SM were found to express
PD-L1 but did not express detectable PD-1 on their cell surface
(Figure 3A-B), supporting the IHC observations in the previous
paragraph. The MCL-like cell lines HMC-1.1 and HMC-1.2 were
found to express low levels of PD-L1 and PD-1 (Figure 3C). These
data demonstrate that PD-L1 is expressed on the surface of
neoplastic MCs in SM, independent of theWHO type of the disease.

Multiplex IHF reveals a heterogeneous expression of

PD-L1 in MCL

To better characterize the coexpression of PD-L1 expression on
MCs, we used multicolor IHF to simultaneously visualize tryptase-
positive MCs and PD-L11 cells. We first examined tissue from
1 of the 3 patients with MCL (patient 1; Figures 4 and 5).
Although tryptase-positive and PDL-11 cells were both found in
the spleen of this patient with MCL, only a subset of MCs
coexpressed PD-L1, particularly those present at the edge of the
infiltrate (Figure 4). Many of the PD-L11 cells were found to be
tryptase negative, indicating that the majority of these cells are
not MCs, and may represent tumor-infiltrating immune cells or
resident splenic macrophages. During imaging, we noted that
MCs often cluster around the periarteriolar lymphatic sheaths
(PALS). To further examine this spatial distribution, we used
laser-scanning confocal microscopy to acquire images from
multiple regions of interest that were then stitched together to
visualize a larger area in the spleen while retaining high
resolution. Figure 6 demonstrates that PD-L11 MCs are often
located close to the PALS and their frequency decreases with
further distance from the PALS.

PD-L1

BM

A

C

Placenta

B

D
BM

Tonsil

PD-1
Figure 2. Immunohistochemical staining of PD-L1 and

PD-1 in healthy BM and controls. (A) IHC for PD-L1

showed no staining in healthy or reactive BM. (B) Staining of

healthy and reactive BM with antibody against PD-1 is

generally negative with a rare lymphocyte showing membra-

nous staining. (C) Strong staining of placental syncytiotropho-

blasts is shown with antibody against PD-L1. (D) Staining of

tonsil with antibody against PD-1 highlights a subset of

T cells in the germinal center, as shown at right. Magnification

340 in panels A,C-D and 3100 in panel B. Images taken

with an Olympus BX41 microscope with Olympus cellSens

standard version 1.14 software, and standard color balancing

and image sizing using Adobe Photoshop.

194 HATCH et al 13 FEBRUARY 2018 x VOLUME 2, NUMBER 3



100

Re
lat

ive
 c

ell
 n

um
be

r (
%

)

80

60

40

20

0
100 103

PD-L1 (CD274) PE
104101 102

100

Re
lat

ive
 c

ell
 n

um
be

r (
%

)

80

60

40

20

0
100 103

PD-L1 (CD274) PE
104101 102

100

Re
lat

ive
 c

ell
 n

um
be

r (
%

)

80

60

40

20

0
100 103

PD-1 (CD279) PE
104101 102

100

Re
lat

ive
 c

ell
 n

um
be

r (
%

)

80

60

40

20

0
100 103

PD-1 (CD279) PE
104101 102

C

100

Re
lat

ive
 c

ell
 n

um
be

r (
%

)

80

60

40

20

0
0102 103

PD-L1 (CD274) PE
104 105

100
Re

lat
ive

 c
ell

 n
um

be
r (

%
)

80

60

40

20

0
0102 103

PD-1 (CD279) PE
104 105

100
Re

lat
ive

 c
ell

 n
um

be
r (

%
)

80

60

40

20

0
0102 103

PD-L1 (CD274) PE
104 105

100

Re
lat

ive
 c

ell
 n

um
be

r (
%

)

80

60

40

20

0
0 102 103

PD-1 (CD279) PE
104 105

100

Re
lat

ive
 c

ell
 n

um
be

r (
%

)

80

60

40

20

0
0 102 103

PD-L1 (CD274) PE
104 105

100

Re
lat

ive
 c

ell
 n

um
be

r (
%

)

80

60

40

20

0
0 102103

PD-1 (CD279) PE
104 105

A
100

Re
lat

ive
 c

ell
 n

um
be

r (
%

)

80

60

40

20

0
0102 103

PD-1 (CD279) PE
104 105

100

Re
lat

ive
 c

ell
 n

um
be

r (
%

)

80

60

40

20

0
0102 103

PD-L1 (CD274) PE
104 105

100

Re
lat

ive
 c

ell
 n

um
be

r (
%

)

80

60

40

20

0
0102 103

PD-1 (CD279) PE
104 105

100

Re
lat

ive
 c

ell
 n

um
be

r (
%

)

80

60

40

20

0
0 102 103

PD-L1 (CD274) PE
104 105

100
Re

lat
ive

 c
ell

 n
um

be
r (

%
)

80

60

40

20

0
0102 103

PD-1 (CD279) PE
104 105

100

Re
lat

ive
 c

ell
 n

um
be

r (
%

)

80

60

40

20

0
0 102 103

PD-L1 (CD274) PE
104 105

B

Figure 3. Expression of PD-L1 on the surface of neoplastic MCs in SM. (A-B) KIT1/CD342 BM MCs obtained from 3 patients with ISM (A) and 3 with advanced

SM (2 with MCL, 1 with ASM) (B) were stained with antibodies against PD-1 (CD279) (left subpanels) or PD-L1 (CD274) (right subpanels) by multicolor flow cytometry as

described in “Materials and methods.” Antibody staining is shown in gray. The isotype-matched control is also shown (red lines and open histograms). (C) The MCL-derived

human MC lines HMC-1.1 (KIT D816V2) (left subpanel) and HMC-1.2 (KIT D816V1) (right subpanel) were stained with antibodies against PD-1 (top subpanels) or PD-L1

(bottom subpanels).
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Higher frequency of expression of PD-L1 in CM

PD-L1 expression was observed in 92% of the cases with CM
by IHC (Tables 2 and 3). A uniform pattern of membrane expression
of PD-L1 was seen in neoplastic MCs of CM (Figure 1) by IHC
across different cases. We examined 1 case of CM with IHF for PD-
L1 to assess the heterogeneity of expression by MCs. In
comparison to MCL, we found a higher frequency of PD-L1 and
tryptase coexpressing MCs in the CM tissue in these cases
(Figure 7).

PD-1 expression is restricted to CM

PD-1 showed dim membranous staining in neoplastic MCs in 4 of
27 CM cases (15%) using IHC. Staining was found in a higher
percentage of mastocytomas (67%) compared with MPCM (11%),
and was not found in any skin lesions from patients with SM (0 of 6).
PD-1 expression was not observed in other mastocytosis subtypes,
in other neoplasms tested, or in reactive and healthy BMs (Table 3;
Figures 1 and 2). PD-1 staining of MCs ranged from 20% to 50%
(mean, 27%). Expression, when present, was restricted to MCs and
was not identified in lymphocytes or other cell types. In healthy BM,
a rare lymphocyte was noted to be PD-11 (Figure 2).

Discussion

PD-1 is an immune checkpoint receptor expressed on activated
T cells and a small subset of B cells in germinal centers, whereas
PD-L1 is expressed on activated T cells, dendritic cells, monocytes,
and tumor cells from a variety of malignancies. PD-1 is known to
interact with its ligands, PD-L1 and PD-L2, to protect tissues from
immune-mediated damage and this interaction between PD-1 and
PD-L1 also allows neoplastic cells to evade immune destruction.
Recent work has shown PD-L1 expression on a variety of tumor
cells, including melanoma, renal cell carcinoma, lung carcinoma,
head and neck carcinomas, gastrointestinal malignancies, bladder
carcinoma, ovarian carcinoma, and Hodgkin lymphoma cells.10 In

2015, Rabenhorst and investigators showed that serum levels of
soluble PD-L1 correlated with disease severity in 31 adult patients
with SM and further documented in a few patients expression of
PD-L1 in BM and skin biopsies of patients with SM, with expression
of PD-1 in skin biopsies only.7 In 2016, Kuklinski and Kim described
strong diffuse PD-L1 immunohistochemical expression in skin
biopsies from 12 patients with mastocytosis.11 The patients were
a mix of pediatric and adult patients, including 5 possible patients
with SM, but the authors did not use the WHO 2016 classification
to uniformly categorize patients. Thus, it is unclear what subtypes of
SM were present. The results from our systematic evaluation of a
larger number of patients with mastocytosis support these findings,
documenting PD-L1 expression in 77% of BM biopsies, including
both ISM and advanced SM, and in 92% of skin biopsies. Other
MPNs, MDSs, reactive and healthy BMs did not show expression
of PD-1 or PD-L1 in MCs. Flow cytometric studies confirm the
expression of PD-L1 on the surface of neoplastic MCs. We further
explored the variability of expression of PD-L1 using IHF and showed
variability of expression of PD-L1 within the architecture of tumor
samples, albeit in a limited number of samples. This is intriguing, as
PD-L1 expression in other tumors, such as melanoma, shows a
variable pattern of PD-L1 expression focused primarily at the interface
between melanocytes and infiltrating immune cells.12 This difference
in expression of PD-L1 in mastocytosis is also important as the
“positivity” of PD-L1 varies significantly from patient to patient and
may impact selection of candidates for, and response to, anti-PD-L1
therapy.13 However, expression of PD-L1 in melanoma shows only
partial correlation with response to anti-PD-L1 treatment. Thus, our
findings suggest that anti-PD-L1 therapy might be a promising option
in patients with advanced mastocytosis, although the expression of
PD-L1 does not necessarily predict response to such treatment.

In the SM and CM samples examined, only the neoplastic MCs
expressed PD-L1 in BM and skin biopsies, respectively. Other
immune cell types, including lymphocytes, did not express PD-L1 in
these tissue types. In splenic tissue, smaller numbers of immune

Tryptase
A

B

PD-L1 Overlay Zoom

100 µm

20 µm20 µm

100 µm

Figure 4. Expression of PD-L1 occurs on MCs in MCL. Splenic tissue from a patient with MCL was stained for MCs (tryptase, red), PD-L1 (light green), and nuclei (DAPI,

blue). (A) Image acquired at 320 magnification. Scale bars, 100 mm. Note the MC nest localized around the PALS. (B) Image acquired at 363 magnification. Scale bars,

20 mm. White boxes in overlay image denote the region magnified in the right column. The coexpression of PD-L1 and tryptase in MCs is demonstrated at high power,

however, only a subset of MCs is positive for PD-L1. Smaller numbers of PD-L11 cells lacking tryptase coexpression are also seen at the edge of MC infiltrates.
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cells did express PD-L1, primarily at the edge of MC infil-
trates, and these were favored to be lymphocytes based on
morphology. Expression of PD-1 was noted in 15% of the CM
samples examined, and in all samples tested, PD-1 expression was
seen in MCs exclusively. Again, admixed immune cells such as

lymphocytes did not express PD-1 in either SM or CM samples.
This is intriguing because tumor responses with anti-PD-1/PD-L1
immunotherapy are mediated by tumor antigen-specific T cells.14,15

Both innate and adaptive models have been described in
different tumor types to explain PD-L1 expression.16 Some, but
not all, samples with mastocytosis have reactive T-cell infiltrates,
including CD81 T cells. Those mastocytosis samples with T-cell
infiltrates may have inducible PD-L1 expression at the site of the
T-cell infiltrate (an adaptive pattern), which would support a more
variable staining pattern than we observed in PD-L1 expression
in SM. In mastocytosis without T-cell infiltrates, one can argue
that the positive PD-L1 expression is likely regulated by
genetic or epigenetic events intrinsic to the neoplastic MCs
(ie, constitutive PD-L1 expression), rather than reactive to a T-cell
response. Several different genetic mechanisms have been
reported to lead to this latter innate pattern including gene
amplification, loss of tumor suppressor genes, or oncogenic
driver mutations, resulting in overexpression of PD-L1 on all
neoplastic cells.13 Rabenhorst et al showed that in fact there is
more soluble PD-L1 in the supernatant of KIT D816V-mutant
HMC-1 and ROSA cells.7 The PD-L1 positivity in the presence or
absence of a T-cell infiltrate may predict response to immuno-
therapy, with the presence of T cells predicting a positive
response. Given the differences in T-cell infiltrates by organ type in
mastocytosis, one could also speculate whether immunotherapy would
be effective in all sites of disease.

With respect to PD-1 expression in CM, our findings confirm the
previous literature that only a subset of patients with CM
expresses PD-1.17 In 2013, Kataoka and colleagues published
the first report of PD-1 expression in CM, confirmed with reverse
transcription–polymerase chain reaction, western blotting, and
flow cytometry. They documented that 10 of 30 cases of CM
expressed PD-1.17 The patients with CM were not subclassified
as to type, but the widespread ages that are given suggest a mix
of CM and SM patients, where the latter had likely MIS lesions.
Thus, we cannot easily separate whether the CM patients that
expressed PD-1 were in fact only CM patients. In the
Rabenhorst manuscript, a single patient with CM was included
for IHF staining with PD-1.7 In our study, there is negativity of
PD-1 staining in all MIS skin biopsies, whereas 11% of MPCM
and 67% of mastocytomas show dim, but uniform, staining with
PD-1. These results suggests that the expression of PD-1 by
neoplastic MCs in CM is not driven by the microenvironment,
but rather is intrinsic to these MCs due to factors unknown at
this point.

Our study indicates that there may be a complex cancer-immune
interaction occurring between MCs in disease and regulatory
immune cells. More studies should be undertaken to determine the
nature and extent of this interaction, further correlation with KIT
mutation status, serum tryptase levels, and CD25 expression, as
well as the expression levels on healthy and neoplastic MCs to
further extend our understanding of the pathophysiology of MC
disease. This would be an important step to determine what
implications PD-1 and PD-L1 expression may have for rational drug
design in advanced mastocytosis.
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Figure 6. PD-L1–coexpressing MCs aggregate near the PALS structure in MCL. Splenic tissue was stained for expression of tryptase (red), PD-L1 (light green), and nuclei (DAPI,

blue). (Top panel) Seven regions of interest acquired by confocal microscopy were stitched together to provide a larger field of view. Images are the maximum projection of 3 z-sections. Total field of

view is 184.52 mm3 1290.24 mm; scale bar, 50 mm. (1-4) Magnification of corresponding boxes in top panel. Scale bar, 10 mm. Note that PD-L11MCs are more frequently found near the PALS.
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Figure 7. PD-L11 MCs in CM. Skin biopsy from a patient with CM was stained for

expression of (A) tryptase (red), (B) PD-L1 (light green), and (C) nuclei (DAPI, blue).

Scale bar, 20 mm. The majority of MCs show PD-L1 membrane labeling.
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